INTRODUCTION
Haetnophilus influenzae biogroup aegyptius (H. aegyptius) is the etiologic agent of a newly recognized disease, Brazilian purpuric fever (BPF) (5) (6) (7) . A single H. influienzae biogroup aegyptius clone, the characteristics of which define the case clone phenotype (7), hereafter called the BPF clone, is responsible for all of the cases of BPF analyzed in Brazil. While the histopathology of BPF has been described (5), the virulence factors associated with H. influienzae biogroup aegyptius are undefined. Attempts have been made, however, to correlate specific H. influenzae biogroup aegyptius phenotypic characteristics with BPF and to establish in vivo models. This review describes several potential Haemophilus virulence factors (27) , including lipooligosaccharides (LOS), capsular polysaccharides, pilus proteins, immunoglobulin Ai (IgAl) proteases, membrane-associated proteins, and extracellular proteins to determine their potential role in BPF. In addition, two in vivo systems, a chicken embryo infection model (35) and the infant rat bacteremia model (36) , were evaluated as tools to study pathogenesis associated with H. influenzace biogroup aegyptius. Information presented at the Brazilian Purpuric Fever Workshop held at the Centers for Disease Control, Atlanta, Ga., on 13 to 14 May 1988, was abstracted for this review.
HISTOPATHOLOGY
Histopathologic examination of tissues from six fatal cases of BPF (three epidemic and three sporadic) has shown hemorrhage, intravascular microthrombi, and necrosis (5) . Hemorrhage was present in the skin, lungs, and adrenal glands, often particularly extensive in the latter two organs. Intravascular microthrombi were present in the upper dermis, renal glomeruli, lungs, and hepatic sinusoids. Acute necrosis was variable and focal in lymphatic organs, such as the germinal centers of lymph nodes and Peyer's patches, and in splenic white pulp. Less consistently present were evidence of acute respiratory distress with alveolar hyaline membranes and pulmonary edema. No evidence of vasculitis or immunopathologic phenomena was found by light microscopy, nor were other specific or significant histopathologic changes seen, such as viral inclusions or meningitis.
The histopathologic evidence is consistent with acute shock syndrome mediated by some form of consumption coagulopathy characterized by focal intravascular coagulation and consequent hemorrhagic diathesis. These findings are characteristic of purpura fulminans (37), a well-described sequela of various viral and bacterial infections. High levels of endotoxin (mean, 675 pg/ml; range, 100 to 1,600 pg/ml), as determined by a quantitative Limulus amoebocyte lysate assay, were detected in eight cases of BPF (5) . Although various factors and mechanisms can initiate such terminal common pathophysiologic pathways, endotoxemia can produce this clinical picture in humans. Once established, endotoxemia and its effects would be enhanced by a selfperpetuating cycle via reticuloendothelial depression, as seen in BPF, exemplified by lymphatic necrosis and hepatic sinusoidal saturation by fibrin.
LOS GEL ELECTROPHORESIS PROFILES AND IMMUNOREACTIVITY
Surface-exposed components of Haemophilus species, which include LOS, protein, and capsular polysaccharide, have been associated with both virulence and immunity (27) . The structure, immunoreactivity, and cytotoxicity of H. influenzae biogroup aegyptius LOS, possibly the effector of the terminal events in BPF, have been examined. Seven distinct LOS profiles (I to VII) were visualized by silver staining after sodium dodecyl sulfate-urea-polyacrylamide gel electrophoresis (SDS-urea-PAGE) of 40 proteinase Ktreated whole-cell suspensions (14, 39 (15, 16) . The sequences contained in this probe are thought to be common to all encapsulated H. influenzae but appear to be absent in most nonencapsulated strains (15) . The 2.1-kb probe was derived from a 9-kb EcoRI fragment of chromosomal DNA described previously (15) and contains a portion of the capB locus thought to be necessary for export of capsular polysaccharide (15, 21 detergents, including sarcosyl and 3-octylglucoside, and required heating to greater than 80°C for solubilization in SDS. When membrane associated, the 25-kDa protein was resistant to cleavage by most proteases, including trypsin, chymotrypsin, protease lys-C, and protease arg-C, but was digested by thermolysin and proteinase K. After solubilization, however, the protein was susceptible to digestion by all of these enzymes. The 25-kDa protein exists in a large (>200-kDa) heat-labile complex that is reactive with rabbit anti-25-kDa serum and with MAbs specific for BPF strains. Disruption of this complex by heating or proteolysis essentially eliminated binding by BPF-specific MAbs.
The N-terminal sequence of the 25-kDa protein from amino acids 3 through 20 is identical to the corresponding H. influenzae serotype b pilin sequence (12) , with the exception of amino acid 4, which is alanine in the 25-kDa protein and threonine in the H. influenzae pilin. Amino acid composition analysis of the 25-kDa protein showed a high proportion of hydrophobic amino acids (leucine + isoluecine + valine + methionine = 26%) and a lysine content of 10.5%. This composition is similar but not identical to that reported for the H. influenzae pilin (12) .
The potential for the 25-kDa protein to act as an agglutinogen was assessed by immunizing a rabbit with membrane vesicles containing the 25-kDa protein and testing the immune serum for agglutination with 25-kDa-positive and -negative H. influenzae biogroup aegyptius strains. Of 91 VOL. 27, 1989 on November 6, 2017 by guest http://jcm.asm.org/ Downloaded from strains tested, 100% ( 36:20A, 1988 ). The results of these studies suggest that pili mediate adhesion to nasopharyngeal mucosa but not invasion of these tissues. We are attempting to determine the role of the 25-kDa protein as a pilus subunit and its relationship to BPF pathogenesis.
TWO-DIMENSIONAL PROTEIN GEL ELECTROPHORESIS
H. influenza biogroup aegyptius isolates (n = 9) of the BPF clone isolated from the skin, blood, or bloody hemorrhagic cerebrospinal fluid of patients with BPF and non-BPF clone isolates from the eyes of patients with conjunctivitis were analyzed by high-resolution two-dimensional electrophoresis (1, 2, 33) . Calibration of the gels for Mr was done with a rat heart homogenate (11) , and calibration for relative charge was done with carbamylated glyceraldehyde-3-phosphate dehydrogenase (G3PDHr) (3).
Detergent-solubilized and sonicated whole-cell proteins were separated by two-dimensional electrophoresis and silver stained (32) . The stained proteins were scanned, quantified, and matched by computer imaging by a Visage 2000 system. Automatic global matching of all samples to a BPF clone reference sample was done in addition to matching to a reference non-BPF clone sample from Brazil. The spotmatching software returned 4.7 and 7.6% missed matches between the BPF clone reference isolate and the non-BPF isolates, respectively, and 1.5 and 3.7% bad matches between the BPF clone reference isolate and the non-BPF clone isolates, respectively, based on Although certain protein and LOS phenotypes are present in BPF clone isolates, none has been shown to have a specific role in bacterial virulence. Thus, whether one (or more) of the identified phenotypic markers is associated with virulence or is simply an epidemiological marker of a particular H. influenza biogroup aegyptius strain requires further study. The BPF clone has been isolated from the conjunctivae, oropharynges, petechiae, blood, and hemorrhagic cerebrospinal fluid of patients with BPF (5) (6) (7) 18) . It should be noted that not every patient with conjunctivitis due to H. influenza biogroup aegyptius with the BPF clone develops BPF. Therefore, manifestation of BPF must depend on a series of events (entry, colonization, invasion, etc.) that are inextricably linked not only with the expressed virulence factors of H. influenza biogroup aegyptius but also with host defenses. In this regard, except for a high association with preceding conjunctivitis, bacteremia, and subsequent pathological findings suggesting endotoxemia, the exact mechanism(s) of this age-dependent invasive disease in previously healthy children remains unknown.
Many fundamental questions have yet to be addressed with respect to the pathogenesis of BPF, including the following. How do H. influenza biogroup aegyptius isolates ofthe BPF clone evade host defense mechanisms? What role does IgAl protease play in this process? Where do the bacteria localize in a host after conjunctivitis and before disease? What roles do extracellular proteins, pili, and other membrane-associated proteins, LOS, and capsular polysaccharides play in the pathogenesis of BPF? The hope is that continued research into these and other areas will lead to improved strategies for the detection, prevention, and treatment of BPF.
